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ABSTRACT 
This Report describes a narrow-bandy low-noise system used with 
the Ranger spacecraft system for measuring noise at a frequency of 
890.046 XIIlz e 5 0  kIIz". It includes a description of the equipment 
and its operation, a mathematical evaluation of system performance 
capabilities and of particular circuit constraints upon system opera- 
tion, and a procedure for system calibration and operation. 
*Hertz ( Hz) has been adopted by the National Bureau of Stand- 
ards to denote cycles per second. 
1. INTRODUCTION 
A. The Problem 
The system (see Table 1) was designed to meet the 
goals listed below and to achieve compatibility with 
existing data-detection, recording, and analysis proce- 
dures. The system was to be used in the same manner as 
would a normal Radio Interference-Field Intensity 
(RI-FI) meter, i.e., for measuring the output of other 
subsystems to verify that they do not generate signals 
with a frequency and amplitude that could interfere with 
the spacecraft receiver (operating at 890.046 1IHz). 
Although noise-measuring equipment for the 890-\IHz 
frequency range is common, the particular requirements 
for testing the compatibility of Ranger spacecraft sub- 
systems with respect to the Ranger receiver could not be 
met by commercial equipment for the following reasons: 
1. The receiver is designed to communicate over long 
ranges and is very sensitive. 
2. Since the receiver is traveling at high speed with 
respect to the Earth, the doppler effect may cause 
3. Because of its phase-lock-loop design, the receiver 
has a narrow bandwidth ( 2 2 0 0  Hz) for the fre- 
quency involved (890 MHz). 
the rcceiver fr&qiiency to shift, 
4. The very high ambient noise at 960 MHz from the 
television-camera transmitter could overload the 
RI-FI meter. 
Table 1. Equipment list" 
Item 
Diplexer 
Filter 
S tep  attenuators 
090-Mc converter 
IF ottenuotor 
Receiver 
Attenuator 
Meter 
X-Y  recorder 
Motor scon 
Noise tube 
Automatic noise- 
figure meter 
Rantec 
Rantec 
Stoddor! 
REL 
In-house 
Collins 
In-house 
Bollantine 
Moseley 
In-house 
Airborne lnstrum 
*""" I -h-r-f=:y 
FLL-4008 
FLL-2046 
90506-43, 90540-6 
Type  864 
- 
R 390A/URR 
- 
Airborne Instruments Type  7 4 A  
Laboratory I 
"Seriol numbers not listed because equipment may vary from test to test. 
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B. Design Goals 
Based on the considerations given in Section A, the 
requirements and design goals for a Ranger noise- 
measuring system included: 
3. Tracking range: 100 kHz 
4. Rejection of 960 MHz 
5. On-the-spot noise-figure calibration capability 
" 
7. Permanent record of data for later analysis 
1. Low noise figure at 890.046 MHz: in the vicinity of 
10 db  ( -  154 dbm threshold in 100-Hz bandwidth) readout Of data 
2. Narrow bandwidth: 100 Hz 
II. SYSTEM EVALUATION SUMMARY 
The mechanization of the L-band measuring system, as 
described in Part I, adequately met the design objectives. 
Several situations were encountered in which trade-offs 
were necessary, but these were optimized. A synopsis of 
the more important system parameters is given below. 
1. Scan rate. The scan rate is the slowest rate which 
still allows the full frequency range to be covered 
in the allotted time. The maximum possible 
continuous-wave (CW) sensitivity of the system is 
thus achieved within the constraints of time and 
frequency range. 
2. Degrees of freedom. The system has a reasonable 
number of degrees of freedom, so that the statistical 
approach in analyzing test results is valid. 
3. Time constants. Time constants have been examined 
and their effects on continuous-wave sensitivity, 
statistical uncertainties, and sweep rates have been 
considered. 
Even though the design goals were achieved, carc 
must be taken in evaluating the overall capability 
of the system: for instance, because of its slow re- 
sponse, the system is not well suited for measuring 
rapidly changing spectra. Also, it cannot detect 
changing levels at frequencies adjacent to thcl scan 
window. Only when the spectral characteristics of 
the signal under observation change at a ratc con- 
siderably slower than the scan period can the systcm 
be employed to its greatest advantage. The system 
can therefore be used to best advantage in mcasure- 
ments of a signal whose parameters are either 
stationary, or very slowly varying with time and fre- 
quency. At such times, the statistical treatment of 
the data obtained is valid, and the results will have 
a high level of confidence. 
111. EQUIPMENT DESCRIPTION AND OPERATION 
In this Part the important features of the 890-MHz 
receiver system will be described. Although some of the 
components (particularly the x-y are changed 
from one test to another, the description is generally 
applicable to the whole system. 
A. System Components and Operation 
A block diagram of the complete 890-MHz receiver 
system is shown in Fig. 1. TWO functionally similar SYS- 
tems have been constructed for dual capability. In the 
2 
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Fig. 1. 8%-MHz receiver system 
operation of each of these systems, the incoming signal 
is fed to a diplexer, which separates the relatively high- 
level 960-MHz noise (the television-transmitter carrier) 
from the desired 890-MHz signal and ensures that the 
system has a 50-Q input at both 960 and 890 MHz. The 
following filter further rejects the 960-MHz noise. Step 
attenuators are available for increasing the dynamic 
range of the system and for use in calibration. 
The filtered signal is then amplified in the 890-MHz 
converter, whose 30-MHz output is fed through an I F  
attenuator (necessary to match power levels) to the input 
of an R 390A/URR receiver. The resulting signal is mixed 
(in the R 390) with a crystal-controlled local-oscillator 
signal, and the difference signal is fed to a third mixer. 
The third mixer has a local oscillator (LO) (2.955 
t 0 . 5  MHz) with a variable frequency that is changed 
by a motor-driven front-panel control. The output of this 
1 
ATTENUATOR 9 
METER 
OUTPUT 
I x-y I 
RECORDER 
MOTOR SCAN 
mixer stage is a 455-kHz center frequency signal whose 
bandwidth can be selected from the values 100 Hz, or 
1, 2, 4, 8, or 16 kHz. By varying the local-oscillator 
frequency, it is possible to scan the spectral components 
of the original input signal (890 MHz); the maximum 
scan range is t 2 5 0  kHz, which is limited by the 500-kHz 
bandwidth of the IF amplifier situated in front of the 
filters. 
For the Ranger VI11 and ZX tests, the scan range has 
been k50  kHz about the center frequency of 890.046 
MHz, giving a total width of 100 kHz. Up to this point, 
the voltage amplitude is directly proportional to the input 
voltage (if we operate in the linear region of the receiver). 
The 455-kHz output of the R 390 is subsequently fed 
to a true root-mean-square (RMS) voltmeter (listed ac- 
curacy 5% to 500 kHz), where the amplitude information 
is detected. If the mean-square output of the voltmeter 
3 
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is taken, a voltage output level is obtained that is propor- 
tional to the power contained in the original input signal 
in the bandwidth selected. Finally, the voltmeter output, 
along with the frequency data (derived from a potentiom- 
eter on the variable LO drive), is used to drive the 
Y- and X-axes, respectively, of an X-Y plotter; this com- 
pletes the information detection and display process. The 
resulting display is a plot of power in a given bandwidth 
vs. frequency (and time, because of the time taken to 
scan the frequency range). 
0. Operational Modes 
As described in Section A, a motor drive is used to 
change the frequency in the R 390 receiver. Because the 
X-drive of the plotter corresponds to frequency and 
the Y-drive to power, a visual trace of amplitude vs. 
frequency is obtained. In an alternate mode of use, the 
R 390 receiver is set at a fixed frequency and the plotter 
X-axis is used as a time base. The calibration and oper- 
tion procedures for the system are given in the Appendix. 
IV. SYSTEM PERFORMANCE CAPABILITIES 
A. Background 
\Ian): of the measurements in which the 890-MHz 
systems lvere used were made on signals whose general 
characteristics closely approximated the nature of random 
noise. IVhenver this was the case, the detected signal 
constituted only an estimate of the true value, in that 
the accuracy of the estimate is influenced by such factors 
as the bandwidth of the filter and the averaging time 
available for each sample. It therefore becomes desirable 
to know something further about the nature of the esti- 
mates and the premises on which they are based. 
First, it is necessary to establish that there are two 
discrete sets of data: (1) the true set, which describes the 
process under observation; and (2) a set which consists 
of the measured data points. Data from the known values 
of the second set will be used to make an estimate of the 
XTalues describing the characteristics of the first, and 
unknown, set. 
Sext, some of the characteristics of the unkno\vn 
random-noise process must be postulated. While its exact 
value is unknonw, this process  ill have an average, or 
mean, value (sometimes called its expected value). In 
addition, the value of the random signal at any given 
time varies about the mean, so that some measure of the 
dispersion about the mean is required. This dispersion 
is generally measured by the mean-square deviation, or 
variance, and by its square root, the standard deviation. 
The variance and standard deviation are written as 
(Ref. 1) 
and 
a = v P  (2) 
where 
I; = the expected value 
Y = the instantancous value of the random variable 
m = the mean value of the random variable 
and 
u1 = the variance of the random variable 
U = the standard deviation of the random variable 
x' = the average value of the square of the random 
- 
variable 
In a practical situation the exact values of m and (r 
cannot be determined because of the limited amount of 
observation time. It is possible, however, to make esti- 
mates of their values, designated X and s, respectively. 
This brings to light one of the main reasons for this 
analysis. It is obvious from the above that the estimates 
E and .s are themselves random variables (as they vary 
from sample to sample), whereas m and (7 are constant 
parameters if the process is a true stationary random 
variablcl. For any sample of N observations, we will thrre- 
fore probably obtain different values for 5 and s. It is 
important to note here that the mean, or expected, value 
of the random variable s is U ;  that is, the bigger the 
4 
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samples become, the less spread out the distribution of 
x and s will become, and the more probable it is that x 
and s will be close to m and U. 
The calculations of x and s follow from the definition 
and are given for large values of N by (Ref. 2 )  
(3) 
and 
where 
- x = the sample mean 
I x, = the value of the jth sample 
s2 = the sample variance 
The relationship between the estimate s and the yaram- 
l eter u is readily computed: 
= 0" - variance? 
Since the variance of f is known to be u2//N, Eq. (5) 
can be rearranged: 
From Eq. (6), it can be seen that the sample variance is 
a biased estimate of the signal variance. The amount of 
bias is equal to - Z / N ,  a factor that can be easily re- 
moved. Consider the following operation: 
(f - m)? (7) 
This is N / ( N  - 1) times the sample variance, and 
Next, the factor N must be determined. The sampling 
theorem states that if a function f ( t )  contains no fre- 
quencies higher than B cps, it is completely determined 
by its ordinates being given at a series of points spaced 
'5B sec apart in the time domain (Ref. 3). In this analysis, 
we have a function of bandwidth B, but the sampling 
theorem k still \did.  If the function exists for a given 
time period T and is sampled '/iB sec apart, 2BT inde- 
pendent sample points will be generated (the number N 
in the above equations). This number of independent 
variables in the signal, i.e., the number of sample points, 
is ais0 considered to be the number of degrees of freedom 
of the signal function. 
One final point must be considered in the analysis 
before the performance of the 890-1IHz system can be 
evaluated. The bandwidth B and the averaging time T 
have so far been treated as idealized quantities - espe- 
cially T, which is assumed to involve true averaging. The 
Ballantine meter output, however, is the equivalent of an 
R C  network output, so that a relationship stating the ef- 
fects of true and RC averaging will have to be expressed. 
It has been shown (Ref. 4) that for sample records 
four or five times as long as the time constant T of the 
RC network, the continuous RC-averaged measurement 
will, at any instant, have an uncertainty equi\dent to 
the uncertainty of a single measurement obtained by  true 
averaging over a time interval T = 2 ~ .  For shorter sample 
records, 
where T = the time constant of the RC detector in the 
Ballantine meter (= 0.125 sec, from Ref. 5) and T ,  = the 
!ength of the sample record (the time a CW signal would 
spend in the filter bandwidth at a given sweep rate, - 0.6 sec in our system). 
This means that the expression for the number of de- 
grees of freedom of the signal will also be modified. For 
this case, 
N = 2BT 
which gives a value of about 50. Since a value of 100 is 
a commonly used gage, the 890-MHz system can be said 
to have a reasonably sufficient number of degrees of 
The amount of bias in the sample variance is negligible 
for estimates involving large N ,  so that L/Fis still a good 
estimate of u. freedom. 
5 
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It is interesting to note that there is a limit to the 
number of degrees of freedom that the 890-MHz system 
can possess in its present configuration. If one were to 
allow T of the RC network to become much larger than 
T,, the equation 
would reduce to the form 
N = 2BT, - 120 
(where e-" = 1 - x + x2/2 - ...). Of course, sweep rate 
and transient response are lost by lengthening T .  
(12) 
6. Standard Error 
One of the drawbacks to using the standard deviation 
is that this quantity is determined in part by the ampli- 
tude of the mean value, and a recomputation is necessary 
every time a new average value appears. What is needed 
is a dimensionless quantity, such as a percentage or 
db-level variation, that could be applied to all the meas- 
urements obtained during a test series. 
The expression for th,e standard deviation of the meas- 
ured spectral density G(f)  is given in Ref. 4 as 
where T = the quantity described in Eq. (9) and G(f) = 
the true power spectral density of the random signal. This 
means that for about 67% of the measurements obtained, 
If the standard deviation is then divided by the value of 
G(f), thus normalizing the expression, a dimensionless 
quantity results. This value E is called the standard error 
for the measurement: 
As computed for the 890-MHz recording system for a 
100-Hz bandwidth filter, the standard error is 
= 0.2 (16) 
(Since TJT = 0.6/0.125 = 4.8, = 0.008, and 
- 0.00007. Therefore, T - 2~ as derived from Eq. 
10). By rearranging and substituting into Eqs. (13), (14), 
and (15), it is possible to derive a confidence interval of 
about 67% for the measurement of G(f) in terms of the 
standard error: 
- 
Since the measurements for the power spectral density 
are in dbm, it is convenient to convert the ratio to db. 
I - 0.834 = - 1 -  1 + E 1.2 0.8 db (1.0 = 0 db) 
-- - 1.25 = + 1.0db l--E 
One is now able to say, with a 67% confidence level, that 
the true spectral density is within +1.0 and -0.8 db of 
the actual measured value at any given instant (in the 
case of noise-type signals). 
C. Confidence Levels 
Estimation by standard error is a good method for 
arriving at initial estimates but is rather cumbersomc and 
inaccurate when higher confidence levels are desircd. In 
more detailed calculations, it often is advisable to coil- 
sider the specific sampling distribution for the measure- 
ment and to proceed from this point. In this method, a 
statistical approach in terms of the number of degrees of 
freedom possessed by the system is used. 
Consider the nature of the signal. As it emerges from 
the R 390 receiver at the 455-kHz IF  frequency, the 
signal is proportional to the voltage as seen at the antenna 
input terminal and can be considered to be the sum of 
N independent random variables, each of which has a 
standard normal distribution (zero mean and unit variance, 
as shown in .Fig. 2), where f ( x )  is the density function. 
Fig. 2. Standard normal distribution 
6 
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As the signal is put through the squaring circuitry of 
the Ballantine meter, a new function is generated. This 
new random variable, Xi, can be defined as the sum of 
the squares of the N independent standard normal vari- 
ables (the cross terms average out to zero), and its density 
function can be plotted. Naturally, since we are squaring 
and summing the hdi2ividuiil terms, the shape of the dis- 
tribution will vary, depending on the number of degrees 
of freedom N, as shown in Fig. 3 (Refs. 2 and 6). 
W 
.x 
I Fig. 3. Chi-square distribution VI. N 
The general trend is now discernible. As N increases, 
the mean shifts to the right and the variance increases; 
the general shape, however, again approaches that of the 
normal density (central limit theorem). 
A short digression is now necessary. We have let the 
input signal be represented by x, actually x ( t )  and, by 
implication, we have let the average of x2, or Z2, be pro- 
portional to the power contained in the signal. Since the 
mean-square value for a random signal is equal to the total 
variance plus the square of the mean value (Ref. 7), 
(18) 
- x2 = u; + (3' 
we can determine the power in the signal by determining 
U: (a is zero since the IF signal is an .4C signal); G(f) is 
now easily shown to be u;/B. 
It is finalIy possible to establish the confidence Iimits; 
Xi. is defined as 
However, m is not known and has to be estimated by the 
sample average z. This cas6 one degree of freedom, and 
a new expression evolves: 
where s2 is the sample variance, and, by implication, 
proportional to G(f). Since 0' is proportional to G(f), we 
have, after a suitable rearrangement, 
A 
The values for the chi-square distribution are listed in 
most tables of statistics, and are given in terms of the 
probability distribution vs. the degrees of freedom. Since 
these terms are either specified or known, one may deter- 
mine any given interval (1 - a) by the use of the chi- 
square distribution function and the following relationship 
(Ref. 4): 
Several representative values (listed in Table 2) &ord a 
comparison between the interval limits and the number 
of degrees of freedom in a system. 
Table 2. Confidence levels for various degrees of freedom 
h 
50 
100 
100 
Confid.nce intowah 
limit limit limit limit limit limit 
-1.08 +la4 -1.79 +2.33 -2.10 
-0.79 +0.98 -1.30 +1.59 -1.56 
-0.56 +0.65 -0.93 f1.07 -1.14 
+2.80 
+1.88 
+1.30 
(1 - a) = 0.99 
limit limit 
the limits by the measured value of 
G(f) to obtain the confidence interval for 
0.714 the actual Gff]. 
-2.74 f3.77 Add the decibels to the measured value of 
-2.01 +2.50 G(f) to obtain the confidence interval for 
-1.46 4-1.71 the octual G(f). 
A 
7 
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V. SYSTEM PERFORMANCE PARAMETERS 
A. Measured Sensifivity 
The system sensitivity varies from test to test, depend- 
ing on the warmup time and the particular converter 
used. The system containing the Radio Engineering Lab- 
oratories (REL) converter can be peaked up to yield a 
- 145-dbm sensitivity in a 100-Hz bandwidth for a 3-db 
signal-plus-noise to noise ratio [(S + N ) / N ] .  This is 
equivalent to a 9-db noise figure. During frequency scan- 
ning, the CW sensitivity can be degraded as described 
in Section C; any losses between the receiver and the 
point being measured reduce the sensitivity further. 
From circuit theory, some approximations valid for 
high Q circuits are used to evaluate T~ (Ref. 8): 
where Qn = the Q of the circuit and AW = the 3-db band- 
width of the circuit. From Eq. (25), we have 
(26) 
2 
AlU 
T i  - 
In our case, A, is 100 Hz and ' T ~  is calculated to be 
= 0.00316sec (27) 
2 
A m  100 X 27 
r1F=5- = 
6. Circuitry-Limiting Response of the System 
1. RF to IF Circuitry 
3. Mean-Square Detector 
The mean-square detector is a device that converts an 
input voltage to a current proportional to the square of 
the input voltage. Associated with the process is a time 
lag that can be described by an exponential function. 
Given a sudden input, the output current can be approxi- 
mated as follows: 
All RF and I F  circuits are broadband, and it is as- 
sumed that they contribute very little to the overall 
rise time (or time constant). 
2. IF Filter 
The IF filter is a high Q, 100-Hz-bandwidth filter. Vi,  = V(t) E (1 + m sin wnl t) sin wC t (28) 
Its time constant is calculated below on the basis of an 
exponential response to a suddenly applied signal of I , , , , ,  = U(t) K E ?  (1 + m sin wn, t)'sin2 we t (1 - e-t/Tz) 
the form given in Eq. (23): (29) 
where 
(23) E = the input voltage amplitude 
m = the modulation index 
Wm. = the modulation frequency 
uc = the carrier frequency (445-kHz IF) 
K = the proportionality constant 
Vi ,  = U(t) ejwJ 
V,,,,, = U(t) (1 - ejwJ (24) 
where 
U(t) = the unit step function 
= the applied sinusoid of radian frequency Ut, 
T2 = the time constant of the mean-square 
detector circuitry 
T1 = the time constant of the IF filter circuitry Equation (29) can be expanded to the following form: 
m2 m2 
2 2 1 + r n s i n ~ , t + - + - c o s 2 ~ , , , t - ~ o s 2 ~ , t  
(30) 
m2 m' 
2 2 - 2m sin unl. t cos 2w, t - - cos 21U, t + - cos 2w,,, t cos 2~ t 
8 
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Because rn is small, and by using a low pass filter after the 
detector, the following terms remain: 
I ( t )  U (t) KEz (1 + rn sin w m  t) (1 - e-'I52) (31) 
The manufacturer's instruction manual (Ref. 5) gives 
the time constant T? of the RMS voltmeter to be 0.125 sec. 
4. Conclusions About the Reponse-Limiting Circuitry 
By far the largest time constant associated with these 
circuits is that of the detector; therefore, only its time 
constant will be considered when the effects of a CW 
signal are evaluated. 
C. €ffects of Noncontinuous CW Signals 
1. Response to a Transient Signal 
As shown in Section B, the rise time of the IF filter is 
much faster than that of the detector, so the detector 
rise time is the limiting factor in the detection of a signal. 
From Eq. (31), the envelope of the detector current is 
I ( t )  = KE' (1 - e-t/7z) fort  > 0 (32) 
The time to reach 50% of the final current can be found 
from the equation 
Solving Eq. (5),  we have 
t = 0.7 T? (34) 
For the detector time constant r2 = 0.125 sec, we have 
t (3%) = 0.7 (0.125) = 0.0875 sec (35) 
Therefore, for a signal to cause at least a 50% response 
in the detector (corresponding to a meter reading 3 db 
lower than the actual signal power), it must remain in the 
IF bandwidth for a minimum of 0.0875 sec. 
2. Response During Swept Measurements 
We will calculate the length of time a CW signal re- 
mains in the IF bandwidth as the receiver is swept across 
its frequency range. Equation (32) is a general statement 
of response vs. time in the IF bandwidth; from this, we 
will calculate the loss of CW response due to a swept 
receiver frequency. 
The IF filter passband can be approximated by a rec- 
tangular shape of 100-Hz width. It is, in fact, a high Q 
filter, and this should be a reasonable approximation. 
Given a sweep rate x, in Hz/sec, the time that a CW 
signal remains in the IF bandwidth ~f is 
The relative iaponse at time T from Eq. (32) is 
(37) 
The response in decibels is 
L = 10 log (1 - e-T/79 (38) 
Equations (36) and (38) can be combined to give the 
response in terms of sweep rate: 
L = 10 log (1 - e-Af/r79 (39) 
The value L has been calculated for various values of x 
using Af = 100 Hz, and T~ = 0.125 sec, which are the values 
of those parameters in the 890-MHz system. The results 
are presented in Fig. 4. 
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Fig. 4. Response degradation vs. sweep rate 
The sweep rate of the system in its present configuration 
is 100 kHz/lO min = 167 Hz/sec. Figure 4 shows that the 
system is operating with negligible loss to CW signals: if 
other, faster, sweep rates were used, it might be necessary 
to correct the CW data for the loss due to the sweep rate. 
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s 
place the X-range in variable gain mode, and 'NOISE-TUBE 
adjust the gain to the amount desired. POWER 
APPENDIX 
NO,SE STEP $2- VOLTMETER 
TUBE ATTENUATOR ~ C K  
Procedures for Use of the 8W-MHz Noise-Measuring Equipment With 
Frequency Scan 
The following procedure is used for taking readings 
with the 890-MHz noise-measuring rack (NMR). 
A. Pretest Calibration 
1. Center-Frequency Calibration 
Obtain the 8W.W-MHz beacon or a frequency 
standard of similar stability. Connect it to the NMR 
and set the R390A/URR frequency so that the trans- 
lated 8W.MCLMHz signal is within its 100-Hz pass- 
band. (For the NMR system with the REL converter, 
mately 30.1932 MHz at the R 390A/URR input.) 
, the 890.046-MHz frequency is converted to approxi- 
2. Sweep-Drive Adjustment 
a. Loosen unit from front of R 390 by means of the 
Allen screws; this will disengage the gears. 
b. Turn the Helipot gear to the center of its rotation 
limits; it will now be capable of sweeping an 
approximately equal frequency region above and 
below the center setting when the gears are 
re-engaged. 
c. Set the R 390 to 30.1932 MHz to receive the bea- 
con frequency; this will determine the center point 
of the frequency band to be swept. 
I 
d. Remount the drive unit. 
e. Adjust the microswitches (high- and low-limit 
switches) so that the receiver sweeps about 50 kHz 
above and below the center frequency established 
by the beacon. 
3. X-Axis Adjustment of the Plotter 
a. Connect the sweep-drive unit wires to the X-axis 
b. Place the X-range switch to 750 mv. 
c. Connect two standard mercury-type cells (1.34~) 
input of the plotter (black and white leads). 
in series and attach the red and black leads. 
4. Y-Axis Adjustment of the Recorder 
a. Adjust the R F  gain control of the R 390A/URR 
near 9 so as to yield 0 db on the voltmeter (on any 
convenient range}. 
b. Plug in the cable from the square law output of 
the voltmeter to the Y-axis input of the plotter. 
c. Adjust the Y-axis zero and gain so that 0 db is 
near the bottom of the record. 
d. Disconnect the cable from the voltmeter and 
adjust the R 390 R F  gain for a reading of 10 db 
on the meter. 
e. Connect the cable to the voltmeter and adjust the 
gain for near-maximum on-scale pen deflection. 
f. Repeat the preceding steps, adjusting the zero and 
gain until the Y-axis pen deflection corresponds 
to 0-10 db. 
g. Without changing the recorder zero or gain, 
calibrate intermediate amplitudes for later data 
reduction (the recorded amplitude is nonlinear). 
h. Reset the R 390 R F  gain for a 0-db amplitude 
reading before running test. 
5. Sensitivity Measurements 
a. Automatic noise-figure measurement. These sensi- 
tivity measurements are made at the connector 
890-MHz RACK 
(a) 
AUTOMATIC 
NOISE-FIGURE 
INDICATOR 
and adjust the X-zero where desired. 
f. Repeat steps (d) and (e) until 1 in. horizontally 
corresponds to 10 kc of frequency range on the 
receiver. measurement 
Fig. A-1 . Sensitivity measurements: (a) automatic noire- 
figure measurement, (b) manual noise-figure 
11 
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cable input. If there are any additional cables in 
test configuration between the input and the point 
being measured, the receiver sensitivity as deter- 
mined below must be corrected to reflect the cable 
losses. This is easily done as described in Ref. 6 
(see Fig. A-la). The noise figure is given in db: 
NF,II , .  The system sensitivity in dbm/Hz band- 
width for a 3-db signal-plus-noise to noise ratio is 
3-db sensitivity/Hz bandwidth 
3. Run a complete sweep with a 50-n termination on 
the cable; this should establish internal equipment 
performance levels. 
4. Connect the cable to the antenna for system tests, 
and to the Division 33 communications rack for 
thermal vacuum tests. 
5. Set the sweep to either the high or low point of its 
sweep region. 
= -174 dbm + N F a h  6. At the indicated time, turn on the sweep drive unit 
and plotter, and record the measurements; if pos- 
sible, record any system changes, such as transmitter 
turn-on, on the graph. 
where - 174 dbm is thermal noise KT at 290°K. In 
a 100-Hz bandwidth, the 3-db sensitivity is 
3-db sensitivity/lOO-Hz bandwidth 
= - 174 dbm + N F , ,  + 20 db 
= - 154 dbm + N F , ,  
b. Manual 3-db sensitivity measurement (see Fig. 
A-lb). The broadband noise tube has an excess 
noise output of 15.3 db. This is equivalent to a 
total output of -158.5 dbm/Hz bandwidth or 
-138.5 dbm in a 100-Hz bandwidth. With the 
noise tube as an input, the receiver attenuators 
are adjusted until the voltmeter reads 3 db above 
the no-input reading. If that attenuation was A,,,,, 
the 3-db sensitivity with no attenuation is 
3-db sensitivity/100-Hz bandwidth 
= - 138.5 dbm -Adh 
C. Post-Test Procedure 
1. Rerun a complete sweep with the 50-a termination 
to ensure that no equipment performance changes 
have occurred. 
2. Turn off equipment. 
3. Perform data reduction. The system has been found 
to have a certain 3-db sensitivity, S,,, in dbm in a 
100-Hz bandwidth. The graph drawn by the plotter 
records 10 log (S + N ) / N ,  where S is the signal 
power in milliwatts and N is the receiver noise 
power in milliwatts, which is equivalent to s: i , lh  in 
milliwatts. By use of Fig. A-2, the ratio 10 log S / N  
can be determined. The signal power in dbm is then 
6. Set Input Attenuation S a d ,  + 10 log S / N  
After determining the sensitivity (including cable 
losses), compare it to the particular specification 
adjusted so that the resultant 3-db sensitivity is 
possible; for example, if the specification require- 3 
ment is -95 dbm and the unattenuated 3-db sensi- + 
tivity is -145 dbm, the attenuators should be set at 2 10 
45 db so that the resulting 3-db sensitivity is 9 
- 100 dbm. 0 
sensitivity level. The input attenuators should be 20  
5 db more sensitive than the specification level if 
15 
2 
(3 
5 
0 6. Test Procedure 20 15 IO 5 0 5 IO 15 20  
1. Fill X-Y plotter pen with ink. 10 LOG S/N 
2. Allow the equipment to warm up and stabilize; Fig. A-2. Linear receiver response to signal power (SI in 
the presence of receiver noise power (N )  ideally, 3 hr is the minimum time required. 
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